The case of a patient with Crohn's disease complicated by progressive and irreversible encephalopathy, who had been on long-term total parenteral nutrition due to short bowel syndrome, is described. He initially experienced a disturbance ofhis vision, which was followed by various neurological symptoms during the next 3 years. These symptoms rapidly progressed until he finally developed consciousness disturbance. He also manifested erythrocytic macrocytosis, a low serum level of tri-iodothyronine and a high level of thyroxine. His blood levels of various trace minerals and vitamins were normal, except for selenium, which showed extremely low values. In addition, impaired plasma glutathion peroxidase activity was confirmed. After intravenous supplementation of selenium, macrocytosis, tri-iodothyronine and thyroxine values, and glutathione peroxidase activity all became normalized, yet he improved little neurologically.
Introduction
Selenium is a well-known trace mineral needed in humans and in animals. While at least 13 selenoproteins have been identified in animals, this mineral has been described as being an essential element of an enzyme glutathione peroxidase (GSH-Px) in humans.' More recently, it has been reported that selenium deficiency causes impairment in conversion of L-thyroxine (T4) into 3,3',5-tri-iodothyronine (TO) in experimental animals.2 '3 During the past two decades, many disease conditions induced by selenium deficiency have been reported in both humans and animals. These included cardiomyopathy,4"11 myopathy,"2"21 macrocytosis,'8 nail weakening,'8 exudative diathesis22 and hepatic necrotic degeneration. 23 We recently experienced a case of encephalopathy probably induced by long-term selenium deficiency. The detailed clinical course and laboratory data of the patient, including plasma GSH-Px activities, and serum T3 and T4 values are described and the possible importance of selenium in parenteral nutrition is discussed.
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At the age of 19, he was diagnosed as having Crohn's disease of the small intestine, which required surgical resection three times. Because this surgery had resulted in short bowel syndrome (the remaining small intestine measured 120 cm in length), he had been nutritionally managed by total parenteral nutrition (Table I) (Figure 2 ). Sural nerve and muscle biopsies revealed axonal degeneration and diffuse muscular atrophy. Because hypovitaminosis and deficiency in trace minerals were strongly suggested by his clinical course, the serum values of these elements were further investigated. Whereas the levels of vitamin (A, B1, B2, B6, B12, C, D and E), folic acid and most of the trace mineral concentrations (zinc, manganese, phosphorus, magnesium, copper, ferrum, chromium, iodine and aluminium) were higher than the lower limits, his blood selenium level was extremely low (3.6 jig/dl; normal 12.2-35.8) (Table   II) .
Clinical course after admission
We suspected a possible correlation between selenium deficiency and encephalopathy, and frozen fresh plasma (FFP) containing selenium was administered initially. Thereafter, he received pure intravenous sodium selenite (200 isg/day).
In order to assess accurately the effect of administered selenium, both blood selenium concentration and plasma GSH-Px activity were simultaneously measured before and after treatment. While blood selenium concentration gradually increased, plasma GSH-Px activity, which had been low (19 U/L) before the treatment, rapidly recovered to 182 U/L, and henceforth, it consistently showed normal values. In addition, MCV, serum T3 and T4 values were all normalized. Although these parameters improved dramatically, the patient showed no apparent neurological improvement, except for a slight decrease in spasticity in his extremities and a normalization of his nail colour.
Discussion
Because selenium is found in the soil and is included in all kinds of food, a deficiency in this mineral rarely occurs in human or in animals, except for some particular areas of the world, where the soil contains low levels of selenium.4'5 However, it has been recently demonstrated in several studies that iatrogenic selenium deficiency occurs in patients on long-term parenteral nutrition who did not receive selenium supplementation. 6 18 It has been previously reported that total parenteral nutrition of 4-44 months' duration induces a decrease in blood selenium levels. 6 18 The GSH-Px activity in the patient showed extraordinarily low values prior to selenium supplementation. Because selenium has been reported to be an essential component for GSH-Px activity, both in vitro and in vivo, the rapid increase in GSH-Px activity in our patient strongly suggests that the intravenously administered selenium actually possessed some biological effect. Furthermore, because GSH-Px is an important antioxidant, necessary for preventing the accumulation of lipid peroxide radicals, it can be speculated that the increased radicals induced by inactivation ofGSHPx may have played an important role in the pathogenesis of systemic and irreversible damage, especially in the nervous system, of the patient. This speculation is further supported by previous work demonstrating intracellular mitochondrial injury induced by selenium deficiency in an experimental study.2'
The serum level of T3 and T4 in the patient also showed noticeable changes following infusions of FFP and selenium. Recently, iodothyronine deiodinase, which is a key enzyme in the conversion ofT4 to T3, has been identified as one of the selenoproteins in an animal study.2 3 Thus the increased T4 and decreased T3 in the patient before treatment seem to have been derived from the impaired metabolism of thyroid hormones induced by selenium deficiency. The normalization of T3 and T4 following selenium administration further supports this speculation.
The clinical features of selenium deficiency des- The evidence which suggested the possible relation between the encephalopathy and selenium deficiency in our patient was that there was a close correlation between his encephalopathy and increase in MCV, which was considered to have been derived from selenium deficiency. His visual disturbance was preceded by macrocytosis and during the next 3 years he gradually developed consciousness disturbance as the MCV increased. Because the duration of selenium deficiency was much longer than those in the previous reports documenting selenium deficiency with no neurological abnormalities, it can be assumed that excessive periods of selenium deficiency possibly affect the nervous systems in humans adversely.
Although other unknown causes may have been partly related to the pathogenesis of encephalo-pathy in our patient, marked cerebral degeneration is observed in selenium-deficient chicks22 and dyscrasic encephalopathy. 26 In as much as the patient did not improve dramatically following selenium administration, which normalized his blood selenium levels, his plasma GSH-Px activity, serum T3 and T4 values, his macrocytosis, and his nail colour, brain damage arising from selenium deficiency can be considered to be irreversible. It would thus seem that it should become mandatory to routinely measure blood selenium concentrations in patients who are on oral elemental diet or parenteral nutrition for a long period. Moreover, it is important to add selenium as one of the necessary elements, along with other trace minerals such as zinc and copper, which are all clearly known to induce severe manifestations when they are absent, or in short supply in the diet.
